Background: Decontamination of the skin prior to incision is part of the standard of care for any surgical procedure. Previous studies have demonstrated variable efficacy of different surgical preparation solutions based on anatomic location. The purpose of this study is to determine the effectiveness of 3 commonly used surgical preparation solutions in eliminating bacteria from the skin prior to incision for common elective soft tissue hand procedures. Methods: A total of 240 patients undergoing clean, elective, soft tissue hand surgery were prospectively randomized to 1 of 3 groups (ChloraPrep, DuraPrep, or Betadine). Prepreparation and postpreparation cultures were obtained adjacent to the surgical incision and neutralization was performed on the obtained specimen. Cultures were held for 14 days and patients followed for 6 weeks postoperatively. Results: Postpreparation cultures were positive in 21 of 80 (26.3%) ChloraPrep patients, 3 of 79 (3.8%) DuraPrep patients, and 1 of 81 (1.2%) Betadine patients (P < .001). There was no difference in the postpreparation culture rate between DuraPrep and Betadine (P = 1.000). Conclusions: Duraprep and Betadine were found to be superior to Chloraprep for skin decontamination prior to clean elective soft tissue hand surgery. The bacterial flora of the hand was found to be different from those of the shoulder and spine. The clinical significance of this finding requires clinical consideration because the majority of prepreparation and postpreparation positive cultures were of Bacillus species, which are rarely a cause of postoperative infections.
Introduction
Although the infection rate for hand surgery is low, skin antisepsis prior to incision is a cornerstone of surgical standard of care. The purpose is to reduce bacterial colonization and consequently to reduce the risk of surgical site infection (SSI). 12, 19, 21, 28 Postoperative infection in hand surgery leads to poor long-term patient outcomes with significant morbidity, such as stiffness, contractures, and even amputation. 2, 4, 11, 16 It also accrues significant health care cost with revision surgeries and postoperative infection control. 16, [13] [14] [15] 17 The ideal skin preparation solution would eliminate all bacteria from the skin prior to incision, have effects that last the duration of the surgical procedure, and have a low risk of complications and side effects.
Previous studies have elucidated the common bacterial pathogens in lumbar spine surgery, 26 shoulder surgery, 24 and foot and ankle surgery. 20, 23 The bacterial profile was found to differ among these sites, but the most common pathogens included coagulase-negative Staphylococcus and Propionibacterium. On the contrary, the bacterial profile of the human hand has not been well established in the patient even though there have been documented studies examining antisepsis of the surgeon's hands. 18 , 25 Aiello et al 1 found vastly different bacterial flora on the hands of homemakers compared with nurses, suggesting that work environment and frequent antiseptic use in the health care setting have a significant impact on hand flora. Therefore, it is likely that repeated hand washing and exposure to hospital bacteria alters the microbial colonization of the surgeon's hands and this may not be an appropriate marker for the patient's hand. 1, 18, 25 Although evidence supports the use of preoperative antisepsis to reduce bacterial colonization and SSI rates, 1, 3, 5, 17, 19, 22, 23, 27 2 Cochrane reviews of SSI after clean surgeries did not yield differential efficacy of one antiseptic agent over another. 6, 8 The purpose of this study is to determine the effectiveness of 3 commonly used surgical preparation solutions (ChloraPrep, DuraPrep, and Betadine) in eliminating bacteria from the skin prior to incision. The null hypothesis is that there is no difference between these groups with respect to the rate of positive postpreparation skin culture.
Materials and Methods
This prospective randomized trial was performed according to the CONSORT guidelines. After Institutional Review Board approval was obtained, 240 patients were prospectively enrolled to participate in this study (see Figure 1 ), from May 2013 to August 2014. All procedures were performed by 1 of 2 hand fellowship-trained surgeons at a single institution. This trial was registered at ClinicalTrials.gov (under registry no. NCT01676051). The following inclusion criteria were used: (1) patient undergoing elective clean soft tissue hand surgery (carpal tunnel release, trigger finger, de Quervain release, mass excision or excision ganglion cyst, or other elective clean hand surgeries) and (2) being able to read and understand English. The following exclusion criteria were used: (1) open wound, (2) previous infection in the operative hand or ongoing infection elsewhere in the body, (3) fracture, (4) allergy to any component of the skin preparation solutions, and (5) hardware implantation. Per institution protocol, all patients in this series received antibiotic prophylaxis within 60 minutes prior to skin incision and before tourniquet inflation, using cefazolin 1 g or 2 g, or in the cases of penicillin allergy, 600 mg of clindamycin was given. Patients were monitored for signs of postoperative wound infection for a minimum of 6 weeks after surgery.
Skin Preparation
Patients were randomized immediately prior to skin preparation, by opening a sealed and opaque envelope (240 envelopes were created prior to study initiation and then drawn at random by the surgeon), to 1 of 3 commonly used surgical preparation solutions: Betadine solution (10% povidone-iodine; Purdue Pharma LLP, Stamford, Connecticut), ChloraPrep (2% chlorhexidine gluconate and 70% isopropyl alcohol; Enturia, El Paso, Texas), or DuraPrep (0.7% available iodine and 74% isopropyl alcohol; 3MHealthcare, St. Paul, Minnesota). The surgical extremity was then prepared according to the manufacturer's instructions by the attending surgeon or resident. Each preparation solution was allowed to completely dry. The study aimed for 80 patients in each group, and randomization resulted in 80, 79, and 81 patients among the 3 groups, respectively.
Culture Analysis and Neutralization
Aerobic and anaerobic cultures were taken over a 1-cm area of skin within 1 cm of the planned incision site prior to skin antisepsis and immediately after the preparation solution had dried. Specimens were obtained using a premoistened, sterile culture swab (BBL Culture Swab Plus; Becton, Dickinson, and Co, Franklin Lakes, New Jersey). A validated neutralization agent (Microbiotest; Sterling, Virginia) was applied to the swab immediately after the specimen was obtained to neutralize the preparation in the specimen. Without a neutralization agent, the active preparation solution would be transferred to the petri dish and prevent bacteria from growing, thereby hindering accurate profiling of the bacterial flora of the hand. The neutralization solutions were previously described by Savage et al. 26 The same neutralization solution was used for both Betadine and DuraPrep. Specimens were transported immediately to the microbiology lab and cultures were held for 14 days. The primary outcome in this study was the presence of a postpreparation positive culture at 14 days. Secondary outcomes included the presence of a positive prepreparation positive culture within 14 days and presence of postoperative infection within 6 weeks of surgery. All patients were followed for 6 weeks postoperatively to document any evidence of postoperative infection, defined as need for antibiotics or surgical intervention.
Statistical Analysis
Sample size calculations were based on data from prospective randomized trials of shoulder and lumbar spine preparation efficacy. 24, 26 A clinically significant difference in colonization rates was set at 20%, with 80% power and α = 0.05. The a priori power analysis found that 80 patients per surgical preparation group would be needed. The Kruskal-Wallis test or pairwise Mann-Whitney U test, and chi-square test or Fisher's exact test were used to compare demographic data and culture data between the 3 skin preparation solutions. Bonferroni correction was applied to post hoc tests between pairs of solutions. Significance for all calculations was set at P < .05. All statistical analyses were performed with the cooperation of institutional biostatisticians using SPSS 20 (IBM, Armonk, New York).
Results
In all, 240 patients, with an average age of 54 years (range 14-93), participated in this prospective randomized trial from May 2013 to August 2014. Please refer to Table 1 for a comparison of demographic data between groups. There was also no difference in the Charleson Comorbidity Index (CCI) unadjusted (P = .416) and adjusted (P = .354) between groups. Please refer to Table 2 for a breakdown by procedure for each preparation solution.
Prepreparation clinically relevant or prevalent organisms were then also listed separately. Subtype analysis of each bacterium found prepreparation Bacillus species to be present in 13 Figure 3 . As there were 2 patients who had Bacillus as well as another organism, the total microbial count was greater than the total number of subjects who were culture positive.
ChloraPrep resulted in an absolute decrease of 14% and relative decrease of 34% in positive cultures. DuraPrep resulted in an absolute decrease of 27% and a relative decrease of 88% in positive cultures. Betadine resulted in an absolute decrease of 42% and a relative decrease of 97% in positive cultures.
As Bacillus was the sole organism to have statistical significance in both prepreparation and postpreparation analysis of the colonization rate, an analysis was performed with the Bacillus excluded. This resulted in 80 of 240 (33%) HAND 12(3) positive prepreparation cultures with no differences among the three preparation solutions (P = .07). It is important to note that after Bacillus exclusion, 10 of the 21 subjects were retained in analysis due to culture positivity from at least one other bacteria, as many subjects had polymicrobial cultures; therefore, the number of Bacillus cultures excluded did not exactly equal the number of subjects excluded. Secondary analyses of comorbidities and social history found that gender, age, body mass index, diabetes mellitus, and connective tissue disease did not correlate significantly with colonization rates overall or with Staphylococcus, Propionibacterium, or Bacillus separately.
Discussion
In this prospective randomized trial, Betadine and DuraPrep were found to be more effective than ChloraPrep for the elimination of bacteria from the skin prior to incision in elective clean hand surgeries. The clinical significance of this finding requires consideration because the majority of prepreparation and postpreparation positive cultures were of Bacillus species, which are rarely a cause of postoperative infections. 10 Furthermore, the bacterial flora of the hand was found to be different from those of other orthopedic sites, including the shoulder. Bacillus is a common bacterium found in normal human gut flora, which may explain its higher prevalence on hands compared with shoulders or lumbar spine as the hands are used for perineal hygiene.
Consideration should be given to the use of Betadine as the primary preoperative antiseptic solution as it is effective in eliminating bacteria from the hand (1.3% postpreparation positive cultures decreased from 56.3% prepreparation), is inexpensive, and does not contain alcohol (thus eliminating the concern for surgical fires related to the use of preparation solutions containing alcohol). However, Betadine has been known to cause itching and skin irritation if not removed from the skin after surgery. 7, 17 The rate of positive prepreparation cultures (37.9%) was surprisingly low in our study. In comparison, Savage et al 26 found 82% positive prepreparation cultures for spine surgery and Saltzman et al 24 found 70% to 95% positive prepreparation cultures depending on the site about the shoulder. The reason for the low rate of positive prepreparation cultures is unclear. It could be related to the use of antimicrobial soap and frequent hand washing found in many patients. Unlike spine and shoulder surgery, patients may wash their hands multiple times prior to surgery, often only minutes before being taken back to the operating room. It is possible that the antimicrobial effect of the hand soap decreased overall bacterial colonization. Standard hand soaps in our hospital bathrooms contain chlorhexidine, which can be found on the hands of health care professionals several days after the last scrub. 9 This may explain the much lower rates of culture in the DuraPrep and Betadine groups, as these patients would have already had their hands washed first with chlorhexidine after using the bathroom and then with the povidone-iodine-based solutions in the operating room, increasing microbial coverage and inadvertently improving antisepsis efficacy. Although suboptimal for direct comparisons of preparation solution efficacy, it does mirror a real-world situation. Roukis 23 performed a literature review and suggested chlorhexidine scrub with isopropyl alcohol followed by povidone-iodine might have the best antisepsis efficacy.
The rate of SSI in elective clean hand surgery is low; the rate of SSI in our study is 1.7%. This study was not powered to demonstrate a direct correlation between SSI and type of preparation solution due to the inherently low rate of SSI in clean elective hand surgeries. However, as previous studies showed that effective surgical preparation solutions reduced SSI, it is intuitive that this applies to clean elective hand surgeries. There has been no previous study demonstrating the differential efficacy among the 3 surgical preparation solutions in the elective hand surgeries.
One limitation of the study was that we powered our sample size to distinguish a 20% or greater difference in the rate of postpreparation colonization. The colonization rate was significantly higher in the ChloraPrep group compared with either Betadine or DuraPrep. However, we did not find a significant difference of at least 20% between Betadine and DuraPrep; we would need a larger study to detect the smaller difference in efficacy, if one exists, between the 2 solutions. A second limitation is that our study was not powered to detect a difference between SSI rates among the 3 solution groups. As SSI rates in clean elective hand surgery are so low, a much larger sample size would be necessary to detect such a difference. Another limitation is that despite randomization, our prepreparation cultures found a significant difference in Bacillus cultures rates, prior to the use of surgical solutions, among the 3 solution groups and the reason for this is uncertain. This may be an effect resulting from probability. Notably, our secondary analysis with the exclusion of Bacillus still showed that Betadine and DuraPrep remained significantly more efficacious than ChloraPrep in the decolonization of the surgical site on the hand. We are unable to comment on the duration of antiseptic activity of the preparation solutions as we did not take cultures after closure. We felt that the short duration of the procedures in this study did not warrant postclosure cultures. Finally, the surgeon was not blinded to the type of preparation solution used. However, the microbiology lab was blinded to the type of preparation solution and this should therefore not bias our results.
